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INTRODUCTION

A "method" specification for oomﬁaction of asphalt concrete has
been used by the California Department of Transpertatlion for a
number: of years. This type of specification not only limits
the type of compactors that can be used but also requires the
contractor to feollow a given compaction procedure. The results
of a study completed in 1974 titled "Compaction of Asphalt
Concrete Pavements" (1,2,3,4) revealed that the method
specification previously used by Caltrans did not generally
result in the compaction considered hecegsary to cbtain the desired
life expectancy from asphalt concrete pavements. To improve
this situation, a recommendation was made to (1)} increase the
required number of breakdown coverages from one to three (12
ton tandem) and (2) to permit the contractor to use a compactor
approved per Test Method No. Calif. 913 if operated in
accordance with the conditions for which it was tested such as
roller speed, vibration amplitude and frequency, and the number
of coverages applied. 'This recommendation was implemented in
the January 1975 Californila Standard Specifications. However,
even this new specification 1s, in part, a method specification
and, as such, requires continuous inspection of the compaction
operation to ensure specification compliance. This problem was
the primary reason for developing a method of quallty assurance
with respect to AC density permitting more innovation by the
contractor, and requiring less construction inspection time.

This report contains the density test results from the three
projects investigated. Permeability measurements are also
presented and discussed.

Lu
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~ CONCLUSIONS

‘The findings of this limited study were used as the basis for

the following conclusions:

1. Asphalt concrete pavement constructed under the January,
1975 Standard Specifications willl edual or exceed the deslred
95 ﬁercent relative compaction considerably more often than
will pavement constructed under the January, 1973 Standard
Specifications. | ‘

2. In most‘cases, one techniclan cannot complete ten randomly
located nuclear AC density measurements per 500 lineal feet of
paving and keep up with the paving operation.

3. Nuclear Adﬁdensity meaéurements taken at ten randomly
selected locations within a 4,000-foot long l2-foot wide
pavemeht surface provide sufficient control of AC compaction
operations._ ' '

4, The results of AC bermeability tegts should not be used
as a measure of AC density and/or relative compaction.

wavwfastio.com
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IMPLEMENTATION

The use of specifications requiring at least 95 percent relative
. compactlon when measured at ten randomly selected locations
" within each "lot" of 50,000 square feet of AC paving or a half-

day run, whichever is less, will be recommended for 6 to 10
contracts statewilde.
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DISCUSSION

General

The objectives of this study were to determine the number of
nuclear density tests that could be made by a technician in
ae an eight hour work period to establish a reasonable lot
size for control and to evaluate the water permeability test
(Test Method No. Calif. 341-~A) as a replacement Ffor relative
- compaction as suggested in a report by Zube (5).

The tentative procedure on those projecta selected for trial was:
(a) to complete ten randomlzed nuclear density measurements in
every 500 foot length of newly constructed asphalt concreﬁe
pavement and (b) to complete water‘permeability tests (Test
Method No. Calif. 341-A) at the locations selected for the
nuclear-tests. '

Project "AM

='T"i"i"iez‘:"if.':'i.J:*r';t‘project"‘*‘onWh'ich these procedures were tried was
located on Interstate 680 near San Jose, California. A
California Type A 3/4-inch meximum asphalt concrete mix contain-
ing 5.2% + AR 4000 asphalt was being placed with a Barber-
Greene paver at a speed of 35-40 feet per minute. The
temperature of the AC 1n the 0.18-foot thick 24-foot wide mat
immediately behind the paver ranged from 250° to 280°F. The
-compaction procedure consisted of one Breakdown coveragé with a
l2-ton tandem, three coverages with a Pneumatic, and a flnal
coverage with an B—ton_tandem. This procedure complied with the
requirements of the'January, 1973 Standard Specificatilons which
were in effeect for this Contract.
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On the first day of paving, the contractor had operational
problems with his hot plant so only about 500 tons of asphalt

4 concrete was delivered to the Jobsite; this was sufficient for
a section 1,500 feet long and 24 feet wlde. In this section,
. ten density measurements were made 1n each 500 foot subsection

for a total of 30 density readings. The results are presented
in Table 1.

TABLE 1

AC Density (Pounds per Cubic Foot)

‘Project A
 Stations
817400 - 822+00 827+00
Location to to to
No., 822400 827400 832+00 -
1 140 : 143 147
2 139 142 142
3 142 141 140
4 139 143 139
5 140 S 1h 139
6 136% 142 137
7 - 136% 142 139
8 139 143 138
9 138 1hy 146
10 140 , 144 144
X 139 143 141
g 1.86 1.00 3.48
Rel.
Comp. 92.6% 95.0% gl.0%
n ¥Less than 92% relative compactilon, with rélative compaction
defined as the ratic of the in-place density of the asphalt
5 concrete pavement to the test maximum density (average of five

waxed specimens) of the same asphalt concrete mix when compacted

with the California Kneading Compactor per Test Method No, Calif.

304,
5
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" As s:anb only one of the three subsections passed the tentative
requirement of 95 percent relative compaétion. Rain prevented
completing the water permeabllity tests the following day. On
the second day of paving, approximately 2,000 tons of asphalt

- conerete were placed representing approxlmately 1.1 miles. BRefore
the first series of ten density measuréments representing a 500
foot seection were completed; 1t became apparent that one man
would not be able to make ten density measurements in every
500 feet of completed pavement in an eight hour day. Further

'testing indicated that one technician could complete approximately
50 nuclear density readings to evaluate the entire day's paving.

The following'morning, water permeabllity tests were completed
and the profile index measured. The density and water permeabiliity
test results are shown in Table 2 and Figure 1. The profile index
for the one mile test Ssectlon was 4.5 inches per mile,
“The résults presented in Tables 1 and 2 generally showed that
the relative compaction was lower than the tentative specification
1limit of 95 percent minimum, However, these density results are
approximately the same as those previously reported (;,g,;) when
the- rolling procedure included in the 1973 Standard Specifications
- was used. The water bpermeability results were so wldely scattered
that this test was dropped as a Quality assurance test for determin-
ing relative compactlon; however, Permeabllity is- an important
factor in asphalt durabllity and further work on this property is
warranted, ‘ T

5?roject "pn

. The second project_studied.was located on State Route 65 near
Sheridan, California. The asphalt concrete was a 3/4-inch maximum
Type B mix containing 4.9% + AR 8000 asphalt. A 12-foot wide,
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Figure | | :
AC. PERME ABILITY VS DENSITY
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0.20-foot thick leveling course was being placed using a Blaw-
Knox paver. The average temperature of the windrowed mix
immediately in front of the paver was 260°F. The compaction
operation consisted of breakdown with a 16-ton vibratory,
double drum roller. The final coverage was made with an 8 ton
static tandem roller. This bProcedure complied with the
requirements of the January, 1975 Standard Specifications.

Nuclear density measurements on the completed asphalt concrete
mat were taken between Stations U446+00 and 473+00 (2 hours of
production). A 500 foot test section was randomly selected
wilthin the 2700 foot section and 30 density measurements were
completed within this section. Thirty additiondl density tests
were completed at randomly selected loecations within the entire
2700 feet. _The test data is presented in Table 3 as three groups
of ten for eégh "lot". '

TABLE 3
AC Density (P.C.F,)

Project B
500 Ft Test Section 2700 Ft, Test Section

1 138 142 141 141 141 141
2 140 136 138 139 138 137
3 140 137 141 140 135 135
4 138 141 141 141 141 141
5 140 138 135 1bh1 136 138
6 137 134 138 141 135 137
7 141 138 137 143 140 142
8 143 134 138 141 138 138
9 140 138 141 139 142 141
10 142 142 142 140 141 141
X 140 138 139 141 139 139
o 1.16 2.94 2.30 1.17 2.67 2.38
Rel : :
Comp 96.6% 95.2% 95.9% 97.2% 95.9% 95.9%

g

www . fastio.com


http://www.fastio.com/

‘It is interesdting to rote, when comparing the results in Tables
1 and 2 (1973 Specifications) with results from Table 3 (job
constructéd under 1975 Specifications), that all but one section
shown in Tables 1 and 2 either failed to meet the 35 percent
averagé relative compaction or contalned one or more individual
test results below 92 percent relative compaction whlle all the
sections shown in Table 3 had a relative compactlon greater than
95'percent;

The following statistical analysis of the test data contained in
Table 3 indicates that the larger area can be characterized with
the same degree of confldence as the smaller area using 30
randomlzed tests for each.

~

- N B _ .
Using the formulas C.L. = —xt (1 %J and L/EX -N_(X°)

%
The following confidence limits (C.L.) were calculated for an N=30:

500 Ft, Test Section 2700 Ft., Test Section
X 139,067 PCF 139.467 PCF
o 2.45 PCFP 2,26 PCF
b 95% C.L._ +0.91 PCF | +0.84 PCF
X .
99% C.L._ +1.23 PCF +1.13 PCF
X

' This data was analyzed further to determine the effect of reducing
the number of density measurements from 30 to 10 with the
following results: :

500 Ft. Test Sectlon 2700 Ft. Test Section

X 139.07 PCF 139.47 PCF

o “ 2,45 PCF 2.26 PCF

95% C.L._ +1.75 PCF +1.61 PCF
X )

99% C.L._ +2.52 PCF +2.26 PCF
X

10
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These results indlcated that the number of randomly selected
test locations could be reduced to ten for a "lot" of 32,400
square feet and sti1ll maintaln a reasonable measure of quality

~

control.

Project "C"

The third project tested was located on Interstate 15 near
Temecula. Type B mig contalning 3/4—ihch maximum aggregate

and 5.3% + AR H000 asphalt was being placed 0.20-feet thick

in a twelve-foot wide pass. An approved vibratory roller was
again used for breakdown compaction and, with the vibrating
units turned off, as the finlsh roller. The AC mat temperature

at the beginning of the breakdown compaction was 280°F.

The main objJective on this project was to determine if the
number of density measurements could be reduced from 30 to 10,
under actual fileld conditions.

After the contractor had completed an 0.8 mile section (about

a 3 hour production) nuclear density measurements were made
throughout the entire 0.8 mile at 30 randomly selected locations.
Ten additional tests, also at randomly selected locations, were
made within the same 0.8 mile. The density results are shown

in Table 4.

Ll
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" TABLE 4 -
AC DENSITY (P.C.F.)

Project ¢’
) o) (N (N)
1 147 11 146 21 148 1 151
2 149 12 146 22 149 2 147
3 151 13 149 23 144 3 147
4 150 14 146 24 146 4 146
5 148 15 148 25 146 5 147
-6 147 16 150 26 150 6 149
7 151 17 148 27 149 7 148
8 149 18 147 28 151 8 146
9 150 19 150 29 152 9 148
10 149 20 150 30 150 10 148
B X 148.5 X 7.7
g 1,92 o 1.l4g

. These data wersa theh used to calculate confidence limits as follows:

| BO.Tests.

X = 1485 | 95% CL _ =+ 0.71 PCF
X

s 1.92 93% CL _ =+ 0.97 PCF
X : =

10 Tests

X = 147.7 95% CL . = + 1.07 PCF

5 1.494 ; 99% CL - = + 1.54 PCF

From the above analysis, 1t was conecluded that 10 nuclear density
measurements at randomly selected locations would be sufficilent
to control a section of pavement, or lot, approximately 4,220
feet long and 12 feet wide (50,640 square feet) within +2 P,C,F,
of the true mean with a confidence limit of 95 percent;.

12
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